Weyl semimetals, characterized by nodal points in the bulk and Fermi arc states on the surface, have recently attracted extensive attention due to the potential application on low energy consumption electronic materials. In this report, the thermodynamic and transport properties of a theoretically predicted Weyl semimetal NbIrTe 4 is measured in high magnetic fields up to 35 T and low temperatures down to 0.4 K. Remarkably, NbIrTe 4 exhibits a nonsaturating transverse magnetoresistance which follows a power-law dependence in B. Low-field Hall measurements reveal that hole-like carriers dominate the transport for T > 80 K, while the significant enhancement of electron mobilities with lowering T results in a non-negligible contribution from electron-like carriers which is responsible for the observed non-linear Hall resistivity at low T. The Shubnikov-de Haas oscillations of the Hall resistivity under high B give the light effective masses of charge carriers and the nontrivial Berry phase associated with Weyl fermions. Further first-principles calculations confirm the existence of 16 Weyl points located at k z = 0, ±0.02 and ±0.2 planes in the Brillouin zone.
Introduction
The recent advent of 3D Dirac/Weyl semimetals is a conceptual breakthrough in the theory and classification of metals. [1] [2] [3] [4] [5] [6] [7] Dirac semimetals are featured by Dirac points where the energy momentum dispersions develop linearly along all three momentum directions. In the presence of broken time-reversal symmetry (TRS) or space-inversion symmetry, Dirac semimetals evolve into Weyl semimetals and Dirac points split into pairs of Weyl points due to the lifted spin degeneracy. [8, 9] For both the Dirac and Weyl semimetals, due to the coexistence of the conventional charge carriers and relativistic carriers, interesting transport phenomena can often be observed, for example, the nonsaturating magnetoresistance (MR) effect, [10] chiral anomaly, [11, 12] and ultrahigh carrier mobilities. [13] Accordingly, transport studies are viewed as an important way to explore the unique scattering mechanism of charge carriers in Dirac/Weyl semimetals. In addition, through transport quantum oscillations, one can get deep insights into the underlying band topology of Dirac/Weyl semimetals.
In general, Weyl semimetals can be classified into two types: the standard type I which possesses a pointlike Fermi surface, and the type II with strongly tilted Weyl cones induced by the broken Lorentz symmetry. [14] The Weyl points for type II Weyl semimetals appear only at the contact of electron and hole pockets. The qualitatively distinct band topology of type II Weyl semimetals can lead to marked differences in physical properties, such as direction restricted chiral anomaly, [15, 16] and exotic superconductivity. [17] To date, several non-centrosymmetric material systems, for example, the transition metal dichalcogenides T M X 2 (T M = W, Mo, etc; X= Se, Te ), [14, [18] [19] [20] the diphosphides (Mo, W)P 2 , [21] LaAlGe, [22] and etc., have been considered to be type II Weyl semimetals, while most of them display complex band structures with multiple Weyl points, which adds difficulties in the conventional transport studies of these materials.
Moreover, in many Weyl semimetals, the Weyl points are located deeply below the Fermi level, which often hinders the observation of intrinsic characteristics associated with the relativistic carriers.
Very recently, ternary MTTe 4 (M= Nb or Ta; T= Ir or Rh) compounds were theoretically predicted as a new series of type II Weyl semimetals, [23, 24] and verified experimentally in TaIrTe 4 . [25] [26] [27] In comparison with the previous type II Weyl semimetals, the angle-resolved photoemission spectroscopy (ARPES) data and band calculation of TaIrTe 4 suggests the existence of only four Weyl points, [24, 26] which is the minimum number of Weyl points allowed for a time-reversal invariant Weyl semimetal. Surface superconductivity was even observed in TaIrTe 4 , suggesting that TaIrTe 4 is a promising platform to explore topological superconductivity. [28] Remarkably, it was experimentally suggested the Weyl cones in TaIrTe 4 are located just ∼40-50 meV above the chemical potential, [25] which means one may achieve
Weyl points close to the Fermi level via tuning the chemical potential of TaIrTe 4 , for example through doping, external pressure, or electrostatic gating.
By contrast, the Fermi topology of Nb-based counterpart NbIrTe 4 is still unknown.
In this paper, we have investigated the underlying band structure of NbIrTe 4 by a detailed transport study and the first-principle calculation. The transport of NbIrTe 4 displays nonsaturating MR and multiband behavior induced by mixing of the low-mobility hole-like carriers and the high-mobility electron-like carriers. The Shubnikov-de Haas (SdH) oscillations further confirms relatively light effective masses of the carriers and a non-trivial Berry phase. The experimental data also reveal good consistency with our band calculation results.
Results and discussion
The ternary NbIrTe 4 crystallizes in a noncentrosymmetric orthorhombic layered structure with the same space group (Pmn2 1 ) as WTe 2 , as schematically shown in Such behaviors have also been observed in WTe 2 showing extremely large magnetoresistance (XMR), which was used as evidence excluding the possible existence of a magnetic-field-driven metal-insulator transition or significant contribution of an electronic phase transition to the low-temperature XMR. [30] The high field TMR (B ⊥ I) and LMR (B || I) at T=1.4 K are also characterized and shown in figure 2 (a) and (b). For TMR, the MR value follows a power law as a function of B (i.e., MR ∝ ), and there is no tendency of saturation. Such power-law B-dependent and nonsaturating TMR has also been observed in TaIrTe 4 . [25] No negative LMR is observed (Figure 2 (b) ). The LMR appears to follow a sublinear B-dependence, in contrast to the nonsaturating behavior of TMR. Note that, chiral anomaly in Weyl semimetals can manifest itself in a negative LMR, due to the Adler-Bell-Jackiw chiral anomaly, [31] which has been demonstrated in many type-I Weyl semimetals. [11, 12] For type-II Weyl semimetals, however, the chiral anomaly is hard to be observed due to the tilted nature of the Weyl cones.
To make clear the origin of the nonsaturating TMR behavior, it is important to explore the scattering mechanism of the charge carriers and also the band topology.
Accordingly, we performed the Hall and SdH measurements. In figure 2 ( changes sign from positive to negative, indicating that the electrons was becoming increasingly more mobile. In light of this, we have fitted the ρ xy (B) curves with the single-band model for T > 80 K and two-band model for T ≤ 80 K. In the latter case, the Hall resistivity is described by
The carrier density n and mobility μ are shown in figures 2 ((d) and (e), respectively. In order to obtain n h in the high-T single-band region, zero-field resistivity was used. It is apparent that the hole density n h is higher than the electron density n e , while the mobility of electron (μ e ) grows much faster than that of hole carriers (μ h ). Clearly, these results exclude the electron-hole compensation explanation for the nonsaturating TMR proposed for some type II Weyl semimetals.
The significant growth of electron mobility with decreasing T is the direct reason for the evolution of ρ xy with field and temperature. Consistent with the Hall coefficient, the TEP also changes sign with decreasing T. The TEP is characterized by a large peak around 10 K, presumably due to the phonon-drag effect as that in Dirac semimetal NiTe 2 . [32] The heat capacity characterization of the sample shows no evident anomaly below 200 K (Figure 2 (g) ). The separation of electronic (γT) and Table I ). Since the weak T dependence of the first frequency is quite abnormal, we will ignore further analysis on F1. In general, the oscillatory SdH data can be described by the standard Lifshitz-Kosevich (LK) formula: [33, 34] ∆ ∝ cos[2 (
where R T , R D , R S are the thermal damping factor, Dingle damping term and a spin-related damping term, respectively, φ B is the Berry phase, and δ is an additional phase shift determined by the dimensionality of the Fermi surface, that is δ= 0 (δ= ±1/8) for 2D (3D) Fermi surfaces. Therein, = 
, and get Δσ xy by substracting the background. Then, we adopt the valley (and peak) of -Δσ xy as the index field B n , as done in ref. [35] .
Further, B n is plotted as a function of n+1/4, where n is the integer LL index. It is well known that the Berry phase is zero for a parabolic energy dispersion and π for a linear Table I . The angle dependence of the SdH oscillations is also measured and shown in figure   4 (a). Based on the FFT spectrums at different angles, we extract the angle dependency of each frequency (solid symbols in figure 4 (c) ). It is noticed, all frequencies are present near θ = 90°(or B || c-axis), and they almost all disappear for θ < 50°.
To further identify the contributing Fermi pocket to each oscillation frequency, we 
Conclusion
In summary, we have performed a detailed investigation of the transport properties Note added. In the proof of this work, we recently noticed another work investigating the band topology of NbIrTe 4 through quantum oscillations of the magneto-resistivity component [36] .
Experimental Section
Single crystals of NbIrTe 4 were grown out of excess Te by the flux method. High purity Nb, Ir, Te elements were mixed with a molar ratio of 1: 1: 20. The mixtures were put into alumina crucibles, sealed in vacuumed quartz tubes, and heated to 1273 K in a hightemperature box furnace. After keeping at 1273 K for two days, the samples were slowly cooled down to 700 K. Finally, long and stripe-like single crystals which can be easily exfoliated along the ab-plane were harvested.
Single-crystal x-ray diffraction (XRD) measurements were performed at room temperature using a diffractometer with Cu Ka radiation and a graphite Based on our experimental crystal structure, we carried out first-principles calculations for band structure and Fermi surfaces. The electronic structure calculations with high accuracy were performed using the full-potential linearized augmented plane wave (FP-LAPW) method implemented in the WIEN2K code. [37] The generalized gradient approximation (GGA) is applied to the exchange-correlation potential calculation. [38] The muffin tin radii are chosen to be 2.41 a.u. for both Nb 
